Imposex is the occurrence of male sexual features in female prosobranch mollusks exposed to organotin compounds. Since imposex has measurable characteristics, it has been used as a bioindication tool for the presence of this kind of pollutants. Thus, this work aimed to monitor organotin pollution over areas under the influence of ten main harbors of Northeastern Brazilian coast. Imposex intensity was measured using the indexes VDSI, RPSI, RPLI and the percentage of imposexed females. At least one sampling site in each studied harbor showed imposex, suggesting a widespread contamination by organotin compounds. However, the observed imposex levels are lower than those obtained by other monitoring works in highly industrialized regions of Europe and Asia, confirming that organotin contamination levels are higher in the most industrialized regions of the world. Approximately 39% of all sampling sites (32 sites) did not show imposexed females, suggesting that this feature does not occur naturally in Stramonita haemastoma and Stramonita rustica.
INTRODUCTION
Imposex in gastropod mollusks has been widely used to monitor contamination by organotin compounds all over the world (Morcillo & Porte, 1998; Axiak et al., 2002; Minchin, 2003) . The reliability of this bioindicator lays on the fact that imposex is caused by a specific hormonal alteration, occurring only in gastropods exposed to organotin compounds (Matthiessen & Gibbs, 1998) . Although imposex has already been observed in Latin America (Gooding et al., 1999; Penchaszadeh et al., 2001) , no comprehensive monitoring studies have been so far conducted in this region.
In Brazil, imposex was observed in the muricids Stramonita haemastoma (Lanneus, 1767) (Castro et al., 2000; Fernandez et al., 2002; Fernandez et al., 2005; , Stramonita rustica (Lamarck, 1822) (Camillo et al., 2004; Castro et al., 2004) , and in the olivid Olivancillaria vesica (Gmelin, 1791) (Caetano & Absalão, 2003) .
There are more than 130 different mollusk species known that have shown imposex and 38 of them belonging to the Muricidae family (Castro et al., in press) . Muricidae is probably the most widely mollusk taxon used as a bioindicator for the contamination by organotin compounds all over the world.
Thus, this study aimed to verify the occurrence of imposex in muricid gastropod populations from the 10 main harbors of Northeastern Brazilian coast.
MATERIALS AND METHODS

Study area and sampling
The 10 studied harbors of the Northeastern Brazilian coast were: Pecém and Mucuripe (State of Ceará); Natal (State of Rio Grande do Norte); Cabedelo (State of Paraíba); Recife and Suape (State of Pernambuco); Jaraguá (State of Alagoas); Aracaju (State of Sergipe) and Salvador and Aratu (State of Bahia).
A total of 82 sites were sampled throughout the area under the influence of each of the 10 monitored harbors (Table 1) . The sampling points were chosen considering the distance from the harbor, availability of muricid gastropods and direction of the predominant local currents. Thirty adult muricids of either Stramonita haemastoma (Harbors of Pecém, Mucuripe and Cabedelo) or Stramonita rustica (Harbor of Natal, Recife, Jaraguá, Aracaju, Salvador and Aratu) (approximately 30 mm long) were sampled from each site (whenever possible) between February and November 2004.
Laboratory proceedings
The animals were sedated with a 3.5% MgCl 2 solution for 2 hours. Their shells were then measured from the tip of the spiral to the siphon channel using vernier calliper. The shell of each individual was then removed in order to examine the soft tissues. Sexual identification was performed based on the presence of a seminal receptacle in the females, and a prostate gland in males.
The imposex levels in each site were quantified using the following indexes: % of imposex in females; Relative Penis Length Index (RPLI), calculated by the equation (mean penis length in females/mean penis length in males) × 100 (Gibbs & Bryan, 1987) ; Relative Penis Size Index (RPSI), calculated by the equation (mean penis length in females) 3 /(mean penis length in males) 3 × 100 (Gibbs & Bryan, 1987) ; and Vas Deferens Sequence Index (VDSI). VDSI was based on the sixstage scale proposed by Gibbs & Bryan (1987) for the species Nucella lapillus and adapted by Fernandez et al. (2005) for Stramonita haemastoma. Such option was chosen because of the difficult visualization of the vas deferens in the muricids of the Stramonita genus.
RESULTS AND DISCUSSION
The highest imposex indexes at Pecém harbor (State of Ceará) were found at the harbor jetty (S2), decreasing with the distance from the harbor up to São Pedro beach (S5), which showed no evidences of imposex (Figure 1 ). The observed gradient of imposex indexes in the Pecém harbor area followed the east-west direction of the predominant coastal currents (Maia, 1998) . However, some evidences of imposex were again observed further away at São Pedro ou Paracuru beach (S6) and Point of Paracuru (S7), probably due to the traffic of vessels towards the pier of Petrobras (oil exploration company), which is located at this beach.
The values obtained at the Pecém harbor (State of Ceará) were not as high as other areas monitored with S. haemastoma, which can be explained by the short existence of this harbor (operations started in 2002) and relatively low traffic (< 500 ships between 2002 and 2004) (CEP, 2004) . A similar situation was observed in a marina in Thailand where the initial levels of imposex were low but increased with time (Bech, 2002) .
At the Mucuripe harbor (State of Ceará), the highest levels were found at Mansa Beach (S9 -RPLI = 76.0), decreasing with distance the harbor. Sites located eastwards showed much lower evidences of imposex due to probably the predominant coastal currents. Previously, Castro et al. (2000) showed that the western limit of imposex was at Dois Coqueiros beach (S3). However, the present study found imposex further away at Pacheco beach (S1), indicating an expansion of the area contaminated by organotin compounds, which might be related to an increase in the Ceará River flow just before the sampling dates, because of a very intense rainy season, and a shipyard located at the river mouth, where repairs of small ships are performed. The highest levels of imposex at Natal harbor (State of Rio Grande do Norte) were found at the Harbor (S7 -RPLI = 32.3) and Potengi River mouth (S5 and S8), decreased with distance from the possible sources. Three sites showed no evidence of imposex (Figure 3) . In a previous study, Castro et al. (2004) showed high levels of imposex up to Praia do Forte (S4). Although the present work indicated a slight decrease in imposex levels, the imposex-stricken area was still wide (up to Meio beach (S3)). The currents dominating the coast of Natal flow in the south to north direction (Castro et al., 2003) , which may explain the low imposex values obtained in the outer face of the harbor jetty (S6).
The observed imposex indexes at Cabedelo harbor (State of Paraíba) were moderate compared to other harbors in the northeast of Brazil. The highest indexes were found nearby the harbor at both banks of the Paraíba do Norte River (S1 -RPLI = 22.1 and S8 = RPLI = 13.4). Indexes decreased with distance from the harbor, showing no evidence of imposex at Formosa beach (S4), Areia Dourada (S5), Intermares beach (S6) and Lucena beach (S9) (Figure 4 ). This can be attributable to the comparatively low traffic of the Cabedelo harbor (MTB, 2004) .
Four out of seven sites nearby the Harbor of Recife (State of Pernambuco) showed no imposex, while the highest levels were found in the outer face of the harbor jetty (site S5), decreasing with the distance from the harbor (Figure 5 ). Since the Harbor of Suape construction, Recife has been reducing the number of ship operations (MTB, 2004) . In addition, the study sites were located outside the harbor jetty, an area with strong hydrodynamics. These may help to explain the low imposex levels registered in the region. A very low level of imposex was found in just one of the seven monitored sites of Suape harbor (State of Pernambuco) ( Figure 6 ). The low imposex levels found around the Suape harbor are probably caused by several factors, such as the recent beginning of its operations (MTB, 2004) , the local hydrodynamics and its "off-shore" location, which allows a better dilution of the pollutants released by the vessels.
At the Jaraguá harbor (State of Alagoas), the highest imposex indexes were found in the southwestern side of the harbor, at the Western Jetty Harbor (S5 -RPLI = 36.1 and VDSI of up to IV). Levels gradually decreased towards the southwest, while sites towards the northeast showed no imposex at all (Figure 7) . Site S5 showed the highest imposex levels among all monitored harbors from the northeastern Brazilian coast using S. rustica. These values were higher than those recorded by Camillo et al. (2004) for the site S5 (RPLI = 33.1). More detailed studies have to be performed to find out if these increasing levels are related to an increase in the number of vessels at the harbor.
In Aracaju (State of Sergipe) the monitoring was performed at the Sergipe river estuary, which has an intense traffic of small vessels. The highest levels of imposex were found at the Terminal of Barra dos Coqueiros beach (S2 -RPLI = 50.27 and VSDI up to III), decreasing with distance. No imposex was found in the Coroa do Meio beach (S6) and Farol beach (S7) (Figure  8 ). Such high imposex levels at site S2 suggest that, despite the region does not have an intense traffic of vessels, the organotin compounds released into the waters by small ships may accumulate in the sediments, due to the degree of protection of this area, thus having a longer residence time in the local waters.
Five out of fourteen monitored sites in the Todos os Santos Bay (including Salvador and Aratu harbors -State of Bahia) showed no evidences of imposex. The highest levels were found at the Salvador harbor (S10 -RPLI = 14.8 and VDSI = 1.5) (Figure 9 ). Despite some areas around the Todos os Santos Bay are between the most urbanized and industrialized of the Brazilian Northeast and with intense traffic of vessels, the imposex levels were lower than those found by this study in other locations. However, the width of the channel communicating the bay with the Atlantic ocean, as well as its significant depth, may contribute to the dilution of pollutants within the bay, decreasing their impact to biota. This study showed the occurrence of imposex in all monitored areas. A gradient was found in most areas, i.e. decreasing imposex indexes as the sites were more distant from the harbors. In addition, other parameters such as water depth, local hydrodynamics and availability of monitoring species must be taken into account (ten Hallers-Tjabbes et al., 2003) . Similar results were observed in studies performed in the Mediterranean, using Hexaplex trunculus (Linnaeus, 1758) (Axiak et al., 1995) , in Crok Harbor, Ireland, using Nucella lapillus (Linnaeus, 1758) and Littorina littorea (Linnaeus, 1758) (Minchin et al., 1996) , in Phuket Island, Thailand, using Chicoreus capucinus (Lamarck, 1822) and Thais distinguenda (Roding, 1798) (Bech, 2002) , in Fishing Port, Kyllibegs, Ireland, using Nucella lapillus and Littorina littorea (Minchin & Minchin, 1997) , and at many other locations.
In most harbors where S. rustica was used as bioindicator, the imposex indexes were lower, confirming that S. rustica is less sensitive to organotin contamination than S. haemastoma (Castro et al., unpublished results) .
Imposex is an hormone regulation failure, which can be triggered by a very low concentrations (ng L -1 ) of organotin compounds in most prosobranchiate mollusks (Mensink et al., 1997; Morcillo & Porte, 1998) . Thus, very industrialized coastal area which receive a large number of vessels are expected to show higher imposex indexes as a result of higher contamination by organotin compounds. A study done in Japan with Thais clavigera (Dunker, 1860) and T. bronni (Dunker, 1860) showed all sites with 100% imposex and most of the RPSI values higher than 40 (Horiguchi et al., 1997) . The imposex indexes observed in the studied sites were lower than those found in bigger harbors from Brazil, such as Guanabara Bay, RJ (Fernandez et al., 2005) , and around the world. However, it is important to carry out chemical analysis to get the real extension of organotin contamination in those areas where imposex was observed. Studies performed with the species Hexaplex trunculus (Axiak et al., 2002) and Nucella lapillus (Davies et al., 1997) reported the occurrence of natural imposex levels in populations not exposed to organotin compounds. However, it is suggested that this feature does not occur naturally in Stramonita haemastoma and Stramonita rustica, since 32 out of 82 sampled sites showed no signs of imposex, especially those far away from possible organotin sources. 
CONCLUSIONS
The occurrence of imposex in all ten monitored harbors of Northeastern Brazilian coast suggests that sudied areas have different degrees of organotin contamination. Thus, chemical analysis are necessary to avaluate the real extension of contamination.
S. rustica showed to be less sensitive to organotin contamination than S. haemastoma, but imposex does not seem to occur naturally in these especies, since a significant part of the individuals sampled in areas far away from possible organotin source show no evidences of it.
